Abstract Growth of Fusarium sp. BVKT R2, a potential isolate of forest soils of Eastern Ghats on birchwood xylan in mineral salts medium (MSM) under un-optimized conditions of 30°C, pH of 5.0, 150 rpm and inoculum size of 5 agar plugs for 7 days, yielded titer of 1290 U/mL of xylanase (EC 3.2.1.8). The effect of various operating parameters such as different substrates and their concentration, additional carbon and nitrogen sources, incubation temperature, initial pH, agitation and inoculum size on the production of xylanase by Fusarium sp. BVKT R2 was studied in shake flask culture by one factor at a time approach. The same culture exhibited higher production of xylanase (4200 U/mL) when grown on birch wood xylan in MSM under optimized conditions with an additional carbon source-sorbitol (1.5%) nitrogen source-yeast extract (1.5%) temperature of 30°C, pH of 5.0, agitation of 200 rpm and inoculum of 6 agar plugs for only 5 days. There was enhancement in xylanase production under optimized conditions by 3.2 folds over yields under unoptimized conditions. Growth of BVKT R2 culture on locally available lignocelluloses-sawdust, rice straw and cotton stalk-in MSM for 5 days released soluble sugars to the maximum extent of 52.76% with respect to sawdust indicating its greater importance in saccharification essential for biotechnological applications.
Introduction
Hydrolytic enzymes play a pivotal role in industrial biotechnology, bioremediation, biotransformation, biodegradation and environmental protection. Xylanase is one of such enzymes involved in the hydrolytic process of hemicellulose (back bone xylan polymer) into its constituent carbohydrate monomer sugars which in turn are converted into various value-added products. Biodegradation of xylan is a complex procedure that requires the coordination of various xylanolytic enzymes that catalyze xylan and arabinoxylan polymers. This catalyst bunch includes endo-b1,4-xylanase (1,4-b-D-xylan xylanohydrolase, EC 3.2.1.8), which assault primary chain of xylans, b-D-xylosidase (1,4-b-xylan xylanohydrolase, EC 3.2.1.37), which hydrolyze xylo-oligosaccharides into D-xylose and an assortment of debranching enzymes, i.e., a-L-arabinofuranosidases, a-glucuronidases and acetyl esterases (Saha and Bothast 1999; Tony et al. 2005; Dodd and Cann 2009; Dodd et al. 2011; Despres et al. 2016) .
Xylanases are secreted by a variety of microorganisms such as bacteria (Gilbert and Hazelwood 1999; Sunna and Antranikian 1997; Battan et al. 2006 , Chakdar et al. 2016 , fungi (Sunna and Antranikian 1997; Kuhad et al. 1998; Polizeli et al. 2005; Nair et al. 2008; , actinomycetes (Ninawe et al. 2006; Yan et al. 2009; Altaf et al. 2016 ) and yeast (Lopes et al. 2011; Otero et al. 2015) which are cultivated under solid and submerged fermentations. Of above all, fungi are the most widely used in industrial xylanase production due to their wide range of temperature (40-60°C) (Latif et al. 2006; Irfan et al. 2014) . Xylanases have potential applications in different fields-saccharification of biomass, in biofuel industry (Dodd and Cann 2009; Uday et al. 2016) , and as fading agents as a part of the pulp and paper industry (Raghukumar et al. 2004; Sridevi et al. 2016) . For a majority of applications, they are utilized to hydrolyze the xylan segment from wood which facilitates eviction of lignin (Sun et al. 2012) . It additionally helps in lighting up of the pulp to keep away from the chlorine free fading operations (Sridevi et al. 2016) . In baking industries, the xylanase follows up on the gluten portion of the mixture and help in the even redistribution of the water substance of the bread (Wong and Saddler 1992; Beg et al. 2001; Garg et al. 2010) . Xylanases additionally have the potential applications in animal feed industry (Damiano et al. 2003; Garg et al. 2010) . They are utilized in the hydrolysis of non-starchy polysaccharides, for example, arabinoxylan in monogastric diets (Walsh et al. 1993) . Xylanases likewise play a key part in the maceration of vegetable matter (Beck and Scoot 1974) , protoplastation of plant cells, clarification of juices and wine (Biely 1985) , liquefaction of espresso adhesive for making fluid espresso, recuperation of oil from subterranian mines, extraction of flavors and pigments, plant oils and starch (Mc Cleary 1986 ) and also to enhance the proficiency of farming silage generation (Wong and Saddler 1992) .
The major parameters that influence microbial production of xylanase include choice of an appropriate substrate and microorganism, sort and size of the inoculum, control of temperature and pH of fermenting matter, time of incubation, etc. In the present study, we focused on optimization of xylanase production by Fusarium sp. BVKT R2, an isolate of forestry soil and evaluation of its efficiency in sachharification of different lignocellulosic substrates.
Materials and methods

Fungal culture and its maintenance
A fungal culture was isolated from population studies and subjected to primary and secondary screening for production of xylanase (Ramanjaneyulu et al. 2015 ) and the potential fungus was maintained on MSM amended with 0.1% of xylan at temperature of 30°C and pH of 5 as previously described by Ramanjaneyulu et al. (2015) .
Xylanase assay
Xylanase (E.C. 3.2.1.8) activity was measured using 1% birchwood xylan solution as substrate (Bailey et al. 1992) . Xylanase activity was assayed in 3.0 mL of a reaction mixture consisting of 1.0 mL of crude extracellular enzyme source, 1 mL of 1% birch wood xylan (prepared in 0.05 M Na-citrate buffer, pH 5.3) and 1 mL of 0.05 M citrate buffer. The mixture was incubated at 55°C for 10 min. The reaction was stopped by the addition of 3.0 mL of 3,5-dinitrosalicylic acid (DNS) and the contents were boiled for 15 min in a water bath (Miller 1959) . After cooling, the color developed was read at 540 nm. The amount of xylose liberated was quantified using xylose as the standard. One unit of xylanase activity (U) is defined as the amount of enzyme liberating 1 lmol of xylose per min under standard conditions.
Extracellular protein
The content of the extracellular protein in the culture filtrate of fungi grown in different experiments was determined according to Folin's method using bovine serum albumin as standard (Lowry et al. 1951) .
Biomass measurement
The cultures of fungal isolates in the flasks were aseptically filtered through pre-weighed Whatman No. 1 filter paper to separate mycelial mat and culture filtrate. The filter paper along with mycelial mat was dried at 70°C in an oven until constant weight was recorded. Difference between the weight of the filter paper bearing mycelial mat and weight of only filter paper represented biomass of fungal mat. Growth of fungal isolates was expressed in terms of mg/ flask. pH determination pH of culture filtrate derived from growth of the fungal culture at different desired intervals of incubation was determined with the help of a pH meter (Elico).
Optimization of xylanase production
Production of xylanase depends on physical, biological and nutritional parameters. Therefore, these process parameters were optimized to achieve higher yields of xylanase by one variable (parameter) at a time approach. In this approach, only one parameter was altered keeping other parameters constant and the influence of altered parameter on xylanase production was examined.
Comparison of xylanase production on different xylan substrates
To compare production of xylanase by Fusarium sp. BVKT R2 on different xylan substrates in SmF, MSM was amended with birch wood xylan, oat spelt xylan and beech wood xylan at a concentration of 0.1%. Xylan-amended MSM was dispensed in 250 mL Erlenmeyer flasks at 50 mL per flask and inoculated with 5 agar plugs (0.5 mm) cut out from 5-day-old culture of Fusarium species on the plates. The flasks were incubated on a shaker (REMI) at 30°C and 150 rpm. At desired intervals of incubation, flasks were processed for determination of growth, secretion of extracellular protein and xylanase.
Effect of supplementation of additional carbon and nitrogen source on xylanase production Effect of different simple and readily metabolizable sugars such as glucose, fructose, sucrose, maltose and sorbitol and, inorganic (ammonium nitrate and potassium nitrate) and organic (peptone, yeast extract, urea and beef extract) nitrogen sources on the production of xylanase by Fusarium species in SmF was studied. The sugars were additionally supplemented at 1% level to xylan-amended MSM. Fusarium sp. BVKT R2 was grown on MSM with xylan and one simple sugar in Erlenmeyer flasks in the manner as specified in earlier section. Further, to determine the optimal concentration the best carbon and nitrogen sources were studied at different levels (0.5, 1.0, 1.5 and 2.0%) for optimal production of xylanase.
Effect of inoculum size on xylanase production
In all the previous experiments, MSM with the appropriate amendments was inoculated with 5 agar plugs of 0.5 mm size cut out from 5-day-old culture of Fusarium sp. on MSM agar plate with a help of a cork borer. To examine the influence of inoculum size on xylanase production, 50 mL of MSM in 250-mL Erlenmeyer conical flasks was inoculated with 2, 4, 6, 8 and 10 agar plugs from 5-day-old culture of Fusarium sp. MSM agar plate and processed as described earlier.
Effect of initial pH of the medium on xylanase production
To find out the influence of initial pH on xylanase production, birchwood xylan-MSM with appropriate amendments was adjusted to different initial pH ranging from 4.0 to 6.0 with an increment of 0.5 units and inoculated with Fusarium sp. and incubated at 30°C.
Effect of incubation temperature on xylanase production
To determine the optimum temperature for higher xylanase production, MSM with suitable amendments in 250 mL Erlenmeyer conical flasks was inoculated with Fusarium sp. and incubated at temperatures ranging from 25 to 40°C with an increment of 5°C.
Effect of agitation on xylanase production
To determine the optimum speed of agitation on xylanase production, 50 mL of the MSM formulated from the previous experiments was distributed in 250 mL Erlenmeyer conical flasks and inoculated with plugs of Fusarium sp. in the manner as specified in the earlier section and divided into four groups. Each group of flasks was agitated at different speed levels (100, 150, 200 or 250 rpm) in an incubator cum shaker (Remi/Scigenics) and incubated at 30°C.
Saccharification of biomass
Different lignocellulosic feedstocks, viz., sawdust, rice straw and cotton stocks were collected, chopped and sieved through 1.0 mm sieve and used for saccharification. One gram of the biomass was added to 50 mL of optimized medium and autoclaved at 120°C for 20 min. Fusarium sp. BVKT R2 was grown on medium containing lignocellulose at 30°C and 200 rpm with 6 plugs of inoculum. Culture supernatants were withdrawn at 24 h intervals to monitor the release of reducing sugars. All experiments were performed in triplicates and the means of triplicates were used to estimate saccharification (%) with the following formula: Saccharification % ð Þ ¼ Reducing sugar released Â 0:9 Content of carbohydrate in biomass Â 100:
Statistical analysis
All experiments were carried out in triplicates and the means of data were subjected to Duncan's multiple range (DMR) analysis.
Results and discussion
Optimization of xylanase production
In view of applications of xylanase in different industrial processes, mass production of xylanase by fermentation is gaining importance. Knowledge on nutrients and growth conditions is essential for large-scale cultivation of any organism in fermentation methods. Therefore, influence of different factors on production of xylanase by the potential culture Fusarium sp. BVKT R2 in submerged fermentation was assessed using 'one variable at a time approach'.
Comparison of xylanase production on different xylan substrates
Comparison of xylanase production on different commercially available xylan sources such as oat spelt xylan, beech wood xylan and birch wood xylan in SmF is given in Fig. 1 . Among the substrates tested in this study, birch wood xylan supported maximum xylanase activity of 1185 U/mL after 7 days of incubation period followed by beech wood xylan (750 U/mL) and oat spelt xylan (690 U/ mL). Maximum secretion of extracellular protein also occurred after 7 days of growth on birch wood xylan and beech wood xylan (Table 1) . But, the maximum extracellular protein secretion was noticed on 4th day of incubation in case of oat spelt xylan. However, biomass production was maximum on 7th day of incubation with all the substrates and with little difference in quantity of biomass. There was no noticeable difference in pH of broth of the culture grown on different substrates during course of incubation. The present study is in agreement with Kumar et al. (2009) who used various pure polymeric substrates such as birchwood (519 ± 16 U/mL), beech wood (497 ± 13 U/mL), and oat spelt xylan (473 ± 18 U/mL) by Thermomyces lanuginosus MC 134 for production of xylanase. Pure xylan was found to be the most potent carbon source to induce endo-1,4-b-xylanase production by
Penicillium janthinellum (Joshi and Khare 2012; Aditi and Ray 2014) . Different kinds of commercially extracted xylan as well as xylan containing agricultural wastes were used in other studies for inducing xylanolytic enzyme production. Wahyuntari et al. (2009) observed cell growth and enzyme production in the medium containing oat spelt xylan and fruitless oil palm bunch (FPB) as carbon source. Knob and Carmona (2008) reported maximum xylanase production in 8-and 5-day-old cultures (27.21 U/mL and 65.29 U/mg of protein) by Penicillium sclerotium.
Effect of supplementation of additional carbon on xylanase production
To study the effect of additional carbon sources like glucose, fructose, sucrose, maltose and sorbitol on secretion of xylanase in SmF, the prospective culture Fusarium sp. BVKTR2 was grown in the medium amended with an additional carbon source and xylanase secretion was monitored (Fig. 2) . Xylanase yields reached peak on the 7th day of incubation in the medium with/without amendment of additional carbon sources.
Of all the carbon sources tested in the present study, sorbitol favored the maximum secretion of xylanase in SmF on 7th day of incubation followed by maltose. Glucose and sucrose reduced the secretion of xylanase in comparison to control. Low titers of xylanase enzyme on glucose medium in this study may be due to the catabolite repression (Fig. 2) . Overall, release of extracellular protein in higher amounts occurred on 7th day of incubation in the medium amended with glucose, sorbitol, fructose, maltose and sucrose (Table 2) . However, there is no significant difference in biomass production of the culture grown on different carbon sources during the course of incubation (Table 2) . pH changes occurred in broth of the culture due to growth of the prospective fungus on different sugars as shown in Table ST 1.
In the present study, sorbitol served as the best additional carbon source for xylanase production by Fusarium sp. BVKTR2. Sorbitol at 1.5% level appeared to be the optimal concentration for xylanase production by the culture. In contrast, no appreciable production of xylanase by Aspergillus candidus on simple sugars except xylose was noticed (Garai and Kumar 2013) .
Xylose was reported to be the best carbon source for xylanase production by Trichoderma harzianum 1073 D3 and Penicilluim sp. (Isil and Nilufer 2005; Murthy and Naidu 2012) . But, Altaf et al. (2010) reported maximum production of xylanase by T. harzianum with maltose and starch as carbon source. Glucose, starch and sucrose could not simulate enzyme production but they supported the growth of Pleurotus eryngii and Flamulina velutipes. Cochliobolus sativus exhibited high activity of xylanase According to different reports (Biely 1985; Paul and Varma 1990; Nakamura et al. 1995; Oakley et al. 2003) , the presence of simple sugars in medium lowered xylanolytic enzyme production by Bacillus circulans AB16. These reports also indicated that an inducer for certain microorganisms could be an inhibitor for others. As a consequence, it is important to choose a proper inducer for certain microorganisms. In the present study, sorbitol yielded higher production of xylanase by Fusarium sp.
BVKT R2. Higher production of xylanase could be attributed to good growth and secretion of extracellular protein.
Effect of different concentrations of sorbitol on xylanase production
It is evident from the previous experiment that sorbitol is the best additional carbon source for xylanase production by Fusarium sp. BVKT R2 wherein only one and fixed concentration was tested. Therefore, another experiment was conducted to study the influence of sorbitol at different concentrations (0.5-2.0%) on production of xylanase by Fusarium sp. BVKT R2 (Fig. 3) .
Among the different concentrations of sorbitol tested, 1.5% concentration showed maximum production of xylanase on 7th day of incubation (Fig. 3) . Secretion of extracellular protein and biomass production is also very high at this concentration (Table 3) . No significant difference in pH change upon growth of the prospective culture was observed (ST 2). At lower concentration of sorbitol, production of enzyme was less which may be due to insufficient concentrations of sorbitol to support the growth of fungal culture while higher concentrations may cause inhibition of the growth of the organism.
Effect of supplementation of additional nitrogen sources on xylanase production
Nitrogen is another important factor which influences the production of enzymes in culture medium. In the present (Fig. 4) . The pattern of secretion of extracellular protein and biomass production followed the same trend as observed with enzyme production (Table 4) . There is no significant difference in pH changes in medium with nitrogen sources upon growth of the fungus (ST 3).
The results of the present study are in accordance with those reported by others (Hoq et al. 1994; Li et al. 2006; Murthy and Naidu 2012; Nikhil et al. 2012) who observed that YE is the most effective organic nitrogen source for xylanase production. Similarly, optimum xylanase production (1417.6 IU/gds/min) by T. lanuginosus RT9 and thermophilic Paecilomyces themophila was obtained when grown on a medium with yeast extract. In contrast, several reports (Haltrich et al. 1993; Hoq et al. 1994; Kuhad et al. 1998; Abdel-Sater and El-Said 2001; Kalogeris et al. 2003; Qinnghe et al. 2004; Bakri et al. 2008; Goyal et al. 2008) revealed that different nitrogen sources such as NH 4 NO 3 , (NH 4 ) 2 HPO 4 , wheat bran and peptone, NaNO 3 , (NH 4 ) 2-SO 4 , peptone and NaNO 3 supported optimum xylanase production by Schizophyllum commune, T. lanuginosus RT9, T. harzianum, Thermoascus aurantiacus, Pleurotus ostreatus, C. sativus CS5 strain and Trichoderma viride in SmF and SSF, respectively.
Effect of different concentrations of yeast extract on xylanase production
In view of higher titers of xylanase production by the fungus in medium amended with yeast extract at only one and fixed concentration tested in the previous experiment, a repeat experiment with different concentrations (0.5, 1.0, 1.5 and 2.0%) of yeast extract was performed to find out the optimal concentration. Among all the concentrations tested in the present study, 1.5% yielded maximum (1400 U/mL) xylanase against 1000 U/mL at 0.5% YE on 7th day of incubation (Fig. 5) . Likewise enzyme, highest amounts of extracellular protein was released in culture broth at 1.5% on 7th day (Table 5 ). Biomass production was higher with 1.5% of YE on all days of incubation when compared to that of lower and higher concentrations of YE (Table 5 ). This may be attributed to adequacy of 1.5% YE to support the production of biomass under growth conditions. There is no noticeable difference in pH recorded in culture broth at different concentrations of YE during the course of incubation (ST 4). Similarly, peptone and yeast extract served as the best nitrogen sources for xylanase production by the novel strain A. candidus (Garai and Kumar 2013) . In the present study, maximal production of xylanase was obtained when the culture was grown at 1.5% yeast extract.
Effect of inoculum size on xylanase production
Inoculum size is one of the critical parameters for optimal production of xylanase by the culture. In the present study, a wide range of inoculum size (2, 4, 6, 8 and 10 agar plugs of 0.5 mm size) was tested. Increase in the inoculum size up to 6 plugs increased the production of xylanase in the present study (Fig. 6 ). Inoculum size higher than 6 agar plugs of 0.5 mm size did not improve xylanase yields which may be attributed to nutrient limitation. Biomass density generated at lower inoculum size is too low to utilize available nutrients for supporting the production of enzymes. Secretion of extracellular protein and biomass also followed the same pattern of xylanase enzyme and touched peak with use of inoculum of 6 plugs (Table 6 ).
There is no significant difference in pH recorded in culture broth with different inoculum size (ST 5). Similarly, lower levels of inoculum may not be sufficient in initiating growth and enzyme synthesis (Petchluan et al. 2014) . Qinnghe et al. (2004) reported that the production of xylanase by P. ostreatus was optimal with the inoculum level of four disks with size of 0.5 cm each for in 50 mL liquid culture (corn cob 2.5% ? wheat bran 2.5%). The inoculum level of four disks with 0.5 cm size each for 4 g substrate culture was found to be the optimum for xylanase and cellulase production by Lentinus polychrous Lev. LPPT-1 (Petchluan et al. 2014) . However, the production of xylanase increased when the inoculum size was increased from 1 to 2 disks but no increment in production of xylanase by further increase in inoculum size by T. lanuginosus (Kumar et al. 2009 ).
Effect of initial pH of the medium on xylanase production
Optimal hydrogen ion concentration of the medium is essential for growth of organisms to produce metabolic enzymes and metabolic products. Hence, an experiment was carried out on growth of the potential fungus in the formulated medium set to different initial pH (4-6) and xylanase production. Xylanase production increased with increase in the initial pH of the medium from 4.0 to 5.5 with maximum yield at 5.0 (Fig. 7) . Further increase in initial pH (6.0) significantly reduced the production of xylanase. Xylanase yield of 1400 U/mL was obtained in the medium set to an initial pH of 5.0 as against 550 U/mL yield by the same culture in medium set to pH of 4.0 on 7th day of incubation. Similar observations were made by Gupta et al. (2009) and Bakri et al. (2008) with a newly isolated C. sativus Cs5 strain in submerged fermentation. It might be due to the fact that the variation in external pH directly affects cytoplasmic pH of microbial cells which decreases the microbial growth or enzyme production by disrupting the plasma membrane or inhibiting the activity of different metabolic enzymes. Alteration of pH may also change the ionization state of nutrient molecules and reduce their availability to organism. pH of 4.1 and 4 was found optimum for the production of endoxylanase by Aspergillus awamori under submerged fermentation (Li et al. 2006) . Growth of the culture in the medium set to initial pH ranging from 4.0 to 6.0 resulted in the maximum production of biomass (3-4 mg) on 7th day of incubation (Table 7) . Secretion of extracellular protein into the broth increased up to 7th day of incubation and declined later ( Table 7 ). The medium set to different initial pH underwent changes in pH during the course of growth of the culture fluctuating between 3.2 and 7.1 (ST 6).
Different investigations on xylanase production revealed that the best initial pH of medium for xylanase production by different fungi by fermentation is 4.5 (Fadel 2001) , 6.0 (Qinnghe et al. 2004 ) and 6.5 (Carmona et al. 2005) . Most of the fungi prefer acidic environment for their growth (Collins et al. 2005 ). According to Loveleen et al. (2010) , production of cellulase and xylanase by Scopulariopsis acremonium and protease by Rhizopus microsporus var. oligosporus increased with increase in pH value, reaching the maximum at pH 5.5, followed by a gradual decrease thereafter in SmF. Nikhil et al. (2012) observed the highest xylanase production (1274.5 IU/gds/min) at pH 6 while Abdelrahim and Bayoumi (2011) also noticed maximum xylanase production at pH of 6 by Sporotrichum thermophile and Chaetomium thermophile. 
Effect of incubation temperature on xylanase production
Incubation temperature is also a critical factor for growth of organisms. To study the influence of temperature on the production of xylanase, the culture was grown at different temperatures (25, 30, 35 and 40°C) . In the present study, the highest production of xylanase with titers of 1500 U/ mL was observed on 7th day of incubation indicating mesophilic nature of the fungus (Fig. 8) . There is no significant difference in biomass and extracellular protein yield by the fungus grown at 25, 30, 35 and 40°C (Table 8 ).
The culture broth used for growth of the fungus exhibited change in pH (ST 7). Production of maximum xylanase titers at 30°C by the fungus in the present study is in agreement with many reports on optimum temperature requirement of 30°C for xylanase production by P. janthinellum FM-5, Fusarium oxysporum, S. acremonium, Streptomyces rameus, Penicillium citrinum xym2 and Aspergillus fumigatus RSP-8 (Milagres et al. 1993; Kuhad et al. 1998; Loveleen et al. 2010; Bhosale et al. 2011; Saha and Ghosh 2014; Ravichandra et al. 2015) . Similarly, Wejse et al. (2005) and Laxmi et al. (2008) also observed xylanase production by A. niger with optimum incubation temperature of around 30°C. T. harzianum showed maximum xylanase activity when incubated in xylan containing medium at 34°C (Pathak et al. 2014) . Haltrich et al. (1996) and Nikhil et al. (2012) reported xylanase production of 2.64 U/mL at 28°C and 966.8 IU/gds/min at 25°C by A. niger and Aspergillus flavus FPDN1, respectively. The incubation temperature of 25°C was best for xylanase production by T. viride (Goyal et al. 2008 ). The optimum temperature for xylanase production by Aspergillus japonicum, Penicilium oxalicum and T. aurantiacus was 25, 45 and 50°C, respectively (Simoes and Tauk-Torniseielo 2006; Muthezhilan et al. 2007; Dhillon et al. 2000) . Haas et al. (1992) obtained highest xylanase activity by P. chrysogenum at 28°C. Likewise, Kheng and Omar (2005) reported the ambient temperature Table 7 Secretion of extracellular protein and biomass production by Fusarium sp. BVKT R2 grown on xylan set to different initial pHs for xylanase production to be 28 ± 3°C using the fungal isolate Aspergillus niger USM AI 1 with palm kernel cake (PKC) as substrate. According to Anand et al. (2013) , a thermostable and alkali-tolerant bacterium Geobacillus thermodenitrificans produced xylanase at 60°C but with very low activity (2.75 U/mL). The xylanases produced by A. niger and A. flavus remained totally stable at 45°C (de Alencar Guimaraes et al. 2013) . Bacillus species and P. citrinum xym2 were observed to synthesize high titer of xylanase at 50 and 30°C, respectively (Nagar et al. 2010; Saha and Ghosh 2014) . Thus, different bacterial and fungal species exhibited diverse ideal temperature optima for their growth and secretory products. It might be due to that at higher or lower temperature than optimum, the growth of the fungus was inhibited and, hence, the xylanase production was also decreased (Yaun and Rugyu 1999; Rahman et al. 2003) . These variations in different incubation temperatures are due to the different nature of microorganisms and their environmental conditions. Less activity of fungal enzymes at low temperature (15-25°C) and at high temperature (35-40°C) as compared to 30°C might be due to slow growth at low temperature and inactivation of the enzyme at high temperature (Loveleen et al. 2010) . But our isolate Fusarium sp. BVKTR2 displayed maximum production of xylanase at 30°C temperature.
Effect of agitation on xylanase production
Mechanical agitation is a crucial factor for production of xylanases since this aids in uniform distribution of nutrients and supply of oxygen to all individual cells of organisms. For investigating the influence of agitation on xylanase production, the culture was grown at 100, 150, 200 and 250 rpm along with estimation of biomass and xylanase production. Among all the agitation levels tested in the present study, 200 rpm was found optimal for xylanase production (Fig. 9) . Growth of Fusarium sp. BVKTR2 at 200 rpm speed resulted in the production of xylanase to the extent of 1900 U/mL as against xylanase Biomass ( yields of 900 U/mL at 150 rpm by the same culture on 7th day of incubation. Growth of the culture reached peak on 5th day of incubation at all speeds as reflected by biomass which remained constant (Table 9 ). But secretion of extracellular protein touched peak on 5th day of incubation. The initial change in pH of the culture filtrate fluctuated between 3.2 and 7.3 (ST 8). According to different studies, optimal agitation varied based on the substrate and the organism used for production. For instance, the enzyme production by A. niger was deleteriously affected by agitation (Lejeune and Baron 1995; Sanghi et al. 2009; Sepahy et al. 2011) . The highest xylanase production by B. pumilus VLK-1 at an agitation rate of 200 rpm after 48 h of incubation was reported (Battan et al. 2006 ). Agitation at 150 rpm was optimum for the production of thermostable and cellulase free xylanase by Streptomyces species AB106 (Techapu and Prosesor 2003) .
Higher production of xylanase in shake cultures may be due to the formation of pellets by hyphae. The maximum enzyme yield (77 U/mL) was achieved at 150 rpm and a variation of 30 rpm on either side of this resulted in reduction of xylanase productivity by A. fumigatus RSP-8 (Ravichandra et al. 2015) .
Effect of incubation time
Time course plays a very critical role in fungal metabolic activity and growth for economical production of enzymes. It is obvious that production costs are directly proportional to the production time. Thus, an enzyme should be produced at the shortest possible time for overall economy of production. In the current and other experiments, xylanase production was studied for 10 days at 1-day interval. The production of xylanase increased with increase in incubation time up to 7th day and decreased thereafter with/ without addition of different carbon and nitrogen sources. Our results are in agreement with Irfan et al. (2014) who reported maximum xylanase activity with T. viride IR05 in SSF after 7 days of incubation. In contrast, there are reports on maximum xylanase secretion by T. harzianum, T. viride and T. lanuginosus MC 134 at 8, 14-17 and 6 days of incubation period, respectively (Abdel-Sater and El-Said 2001; Goyal et al. 2008; Kumar et al. 2009 ). Neves et al. (2011) reported higher xylanase production on 5th day of incubation by Lichthemia blakesleeana. Torres and Cruz (2013) observed maximum xylanase activity on 4th day of incubation by mangrove fungi and prolonged incubation periods decreased enzyme production. Okafor et al. (2007) isolated a strain of Penicillium chrysogenum PCL501 from wood wastes which exhibited the highest xylanase activity after 96 h of fermentation and the lowest after 120 h. Similarly, time course analyses from other studies showed that regardless of substrate and fermentation setup, the maximal xylanase production by filamentous fungi was generally obtained after 5 days of incubation (Bakir et al. 2001; Li et al. 2006; Murthy and Naidu 2012) . It is not uncommon, however, for some fungi to produce high levels of xylanase towards the 6th day of incubation and beyond (Jiang et al. 2010) . Increased fermentation time and decreased enzyme synthesis might be due to the depletion of macro-and micronutrients in the fermentation medium with the passage of time, which altered the fungal physiology resulting in the inactivation of secretory machinery of the enzymes (Nochure et al. 1993) . At higher incubation time, production cost would increase due to the increase in maintenance. Besides, at higher incubation times contamination is also one of the major problems.
Xylanase production under optimum conditions
Under optimized submerged fermentation conditions (pH 5.0, temperature 30°C, 5 days of incubation period, shaking at 200 rpm, 6 agar plugs of inoculum, 1.5% of sorbitol and 1.5% of yeast extract) Fusarium BVKT R2 produced 4200 U/mL of xylanase, which is 3.2-fold higher than un-optimized conditions (period of incubation 7 days, pH of 5.0, temperature of 30°C, amount of inoculum 5 agar plugs and agitation of 150 rpm without addition of sorbitol as additional carbon source and yeast extract as additional nitrogen source). It is higher than the xylanase production of 180 IU/mL by Bacillus sp. GRE7 under submerged fermentation using oat spelt xylan as the substrate (Kiddinamoorthy et al. 2008) .
Saccharification
Release of soluble sugars in saccharification process from local lignocellulose biomasses upon growth of Fusarium sp. BVKT R2 was assessed as percentage at different time intervals. Figure 10 illustrates the saccharification of sawdust, rice straw and cotton stocks. Our results clearly demonstrate that Fusarium sp. BVKT R2 strain has the ability to saccharify all the tested biomass feedstocks. The level of saccharification varied from substrate to substrate and with incubation time (Fig. 10) . The maximum saccharification (%) was observed with sawdust after 120 h of incubation. Solubilization of sugars from lignocellulosic mass by BVKT R2 in the present study could be facilitated by action of xylanase enzyme secreted by the culture during growth. The ability of different organisms to saccharify lignocellulosic biomass was evaluated by different researchers (Harshvardhan et al. 2013; Santhi et al. 2014; Premalatha et al. 2015) . Saccharification of pretreated sugarcane bagasse with crude cellulase enzyme of Fomitopsis sp. RCK 201 at loading of 20 U/g released 1.5 to 2.4-fold higher sugars than untreated sugar cane bagasse (Deswal et al. 2014) . Among different plant biomasses tested with cellulolytic enzymes of Enhydrobacter sp. ACCA2, maximum saccharification (61.33%) of bamboo was observed on 3rd day of incubation (Premalatha et al. 2015) . Saccharification of macro-alga Ulva lactuca biomass with cellulolytic enzyme from a marine Bacillus sp. increased recovery of glucose (450 mg/g) (Harshvardhan et al. 2013 ).
Conclusion
Process parameters, which play a critical role, were optimized for the maximum production of xylanase. Among different xylans used, birchwood xylan was found to be the best substrate for xylanase production by Fusarium sp. BVKT R2. Additional carbon and nitrogen sources, sorbitol (1.5%) and yeast extract (1.5%), pH (5.5), temperature (30°C), agitation (200 rpm), incubation time (5 day) and volume of inoculum 6 agar plugs induced maximum xylanase production. Under optimal conditions, xylanase production is as high as 4200 U/mL and reduction in the incubation time (5 days) was achieved after optimization. Further, the fungal culture also saccharified different biomass materials indicating clearly its potential for biomass saccharification and applications in allied industries. 
